The bottom topography of a lake is investigated. Numerical techniques to utilize positioning data and depth data are described. Data sets obtained in rtk-gps positioning consist mainly of temporal, latitudinal, longitudinal, and altitudinal records. Data sets obtained in echo-sounder measurement consist of temporal records and depths. The latitudinal and longitudinal data are transformed to rectangular coordinates by the Gauss-Krüger Projection, and the resultant positional data sets are synchronized with depths to yield trajectories over the lake's floor. A bottom topography over a triangular mesh is updated using the positioning data and the depth data.
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(a) The rover antenna attached to the top of a pole. The sensor unit of an echo sounder is attached to the other end of the pole underneath the surface of the water. 
Positioning and depth measurement
In the previous study [3] , measurements using a rtk-gps and an echo sounder were conducted on September 19th, 21st, 22nd, 26th, November 20th, December 23rd, 2010, and January 8th, 2011. Measurements were also conducted on April 14th, 20th, May 15th, and November 26th, 2011. In this study we present results in which new outcomes from the measurements on and after April 14th are introduced into an analysis together with those obtained in the previous study.
Data sets obtained in rtk-gps positioning consist of latitudinal, longitudinal, and altitudinal data recorded at every second. Longitudinal and latitudinal records are transformed with the Gauss-Krüger Projection to yield trajectories on the floor of the lake. Figures 2-5 show results of the measurements conducted on April 14th, April 20th, May 15th, and November 26th. Outcomes from the rtk-gps positioning include temporal records and positional records to determine the position of the antenna of the rover station at given times. rtk-gps positioning data given in terms of latitude and longitude were transformed to rectangular coordinates by the Gauss-Krüger Projection. In order to generate the updated bottom topography, the depth data are first used to update the topography on each element in the finite element mesh. The depth data of each node is the average of the depth determined by the elements which contain the node. Let E be an triangular element with vertices
. . , z n be depth data at (x 1 , y 1 ), (x 2 , y 2 ), . . . , (x n , y n ) contained in E. The bottom topography is approximated by a linear function z = ax + by + c on each triangular element. The parameters are obtained by a least square approximation. Suppose a, b and c minimize
Then a, b and c are obtained by solving the system of linear equations (a) Wire frame before update [3] .
(b) Wire frame after update.
Figure 6: Wire frames before and after update: The figure shows the wire frames for the bottom topography before the update and after the update using the data shown in Figures 2-5 and the data obtained in the previous study [3] .
Conclusion
What is novel about our techniques is that rtk-gps positioning data and echo sounder data are implemented to update the bottom topography over a finite element mesh, and that a three dimensional update bottom topography is generated by synchronizing one dimensional rtk-gps data and echo sounder data. We described techniques to update the bottom topography of a lake. Figures 7-8 show significant changes in the bottom topography due to sedimentation. Accurate data are required for analysis of flow generated by the discharge of water from the lake [1, 2] , and our results show that frequent updates of the bottom topographical data are necessary.
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(a) Previous bottom topography of entire region [3] .
(b) Previous bottom topography near the gates. 
